The Proudman-Johnson equation is the reduced equation of the 2-dimensional incompressible Euler or Navier-Stokes equations in fluid dynamics. In this article, we show the blowup phenomenon of the third-order inviscid Proudman-Johnson equation with the homogeneous three-point boundary condition
and the initial condition
In detail, if the above initial-boundary condition is satisfied, we apply the integration method to show that the corresponding C 3 
Introduction
The inviscid (ν = 0) or viscid (ν > 0) Proudman-Johnson equation
with f := f (x, t) and a constant ν, is the reduced equation of the 2-dimensional incompressible Euler (ν = 0) or Navier-Stokes (ν > 0) equations
where u ∈ R 2 , ρ and P are the velocity, density and pressure respectively, if we seek particular solutions
with the separation stream function
Intensive studies on the nonlinear behavior (blowup, local or global existence) of the Proudman-Johnson equation (3) were reported in [1] - [9] . In particular, Chen and Okamoto in 2000 showed the global existence of solutions with f 0 ∈ C 4 [0, 1] for the fourth-order viscous (ν > 0) Proudman-Johnson equation (3) in [5] , with any one of the following homogeneous four-point boundary conditions:
and (NBC)
When we study the two-wall solid boundary conditions in R 2 for the fluid system (4), about the class of solutions (5), we need the corresponding fourpoint boundary conditions (7) .
In this article, we apply the integration method for the homogeneous threepoint boundary condition to show the contrasting blowup result of the thirdorder inviscid (ν = 0) Proudman-Johnson equation (3) 
If the initial velocity
the solutions blow up on or before the finite time 1/(2H 0 ).
Therefore, the corresponding C 3 solutions (5) for the incompressible Euler equations in R 2 (4) with ν = 0, also blow up under the same initial-boundary condition of the theorem. (3) are similar to the condition in Yuen's paper [10] for the compressible Euler equations in R N .
Remark 2 We observe that the above blowup conditions of the theorem for the inviscid (ν = 0) Proudman-Johnson equation

Integration Method
Our method for the inviscid (ν = 0) Proudman-Johnson equation (3) springs from the integration method for showing the blowup phenomena of the compressible Euler or Euler-Poisson equations with radial symmetry in [10] and [11] . The technique of the proof is to reduce the partial differential equation with the homogeneous three-point boundary condition (9) to the Riccati differential inequality to show the blowup phenomena. Proof. First, we multiply x on both sides of the inviscid (ν = 0) ProudmanJohnson equation (3) and then take the integration over the bounded domain [0, 1]:
with the boundary condition f (1, t) = f x (1, t) = 0. Then, we have
with the boundary condition f x (1, t) = 0, then
with the boundary condition f x (0, t) = f x (1, t) = 0, and
We denote
and apply the Cauchy-Schwarz inequality
(1)
to let the equality (25) become
with the initial condition H 0 := H(0). If H 0 > 0, the solutions for the inequality (32) blow up on or before the finite time 1/(2H 0 ):
Therefore, we have shown that the corresponding C 3 solutions of the ProudmanJohnson equation (3) in the theorem blow up on or before the finite time 1/(2H 0 ).
We complete the proof.
Conclusion and Discussion
In this article, we show the blowup phenomenon of the third-order inviscid Proudman-Johnson equation
with the following homogeneous three-point boundary condition
If the above initial-boundary condition is satisfied, we apply the integration method to show that the corresponding C 3 solutions of the inviscid ProudmanJohnson equation blow up on or before the finite time 1/(2H 0 ).
It is clear that the initial condition (36) is relatively easy to achieve. Therefore, it is better to combine it with the non-homogeneous three-point boundary condition to construct or simulate some global solutions for the inviscid Proudman-Johnson equation (34) or the incompressible Euler equations (4) with ν = 0. Alternatively, we may treat the corresponding problem with free boundaries instead.
